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A b s t r a c t
The	article	discusses	problems	related	to	intensification	of	anaerobic	digestion	of	sewage	sludge.	
The	authors	have	analysed	 the	principal	 indicators	of	a	methane	digestion	process,	 focusing	
mainly	 on	 biogas	 production.	 The	 most	 commonly	 used	 methods	 of	 sludge	 disintegration	
were	 reviewed.	 Additionally,	 the	 methods	 of	 algae	 biomass	 processing	 for	 biofuels	 and	
a	methanogenic	 potential	 of	 the	 biomass	were	 presented.	The	 article	 presents	 the	 literature	
review	to	identify	the	possibilities	of	energy	profit	caused	by	using	algae	in	anaerobic	digestion	
of	sewage	sludge.
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types	 of	 renewable	 energy	 sources	 has	 become	 an	 important	 aspect	 of	 the	 global	 energy	
management.	 It	 is	worth	noting	 that	 the	regulations	set	out	by	 the	European	Union	 imply	












T a b l e 	 1
Sewage sludge production (tons of dry solids (DS)/year) in different countries of the Baltic Sea 
region, as submitted to the European commission, and its predicted growth [27]
Country
2005/2006 2010 2020
[tons of DS/year] [tons of DS/year] [tons of DS/year]
Belarus 50	000 50	000 70	000
Denmark 140	021 140	000 140	000
Estonia n/a 33	000 33	000
Finland 147	000 155	000 155	000
Germany 2	059	351 2	000	000 2	000	000
Latvia 23	942 25	000 50	000
Lithuania 71	252 80	000 80	000
Poland 523	674 520	000 950	000
Russia 180	000 180	000 200	000
Sweden 210	000 250	000 250	000
Total 3 405 240 3 433 000 3 928 000
Sludge	produced	during	treatment	of	municipal	wastewater	at	new	wastewater	treatment	
plants	 amounts	 to	 0.5–2%	 of	 the	wastewater	 volume	 [45].	Table	 1	 shows	 the	 amount	 of	
sewage	 sludge	 produced	 by	 individual	 countries	 of	 the	Baltic	 Sea	 region.	 It	 is	 estimated	





2. Methane digestion of sewage sludge











T a b l e 	 2
Parameters of mesophilic anaerobic digestion [29]
Parameters Optimal value Range
Temperature [°C] 30–35 20–40
pH 6,8–7,4 6,4–7,8
Redox potential [mV] –	520	do	–530 –490	do	–550
Volatile organic acids [mgCH3COOH/dm3] 50–500 >2000
Alkalinity [mgCaCO3/dm3] 1500–3000 1000–5000
T a b l e 	 3









Volatile solids (VS) 60–80 60–75	 45–60	
Inorganic (fixed) solids 20–40	 25–40	 40–55	
Proteins 20–30	 30–40	 15–20	
Fats 6–35	 5–12	 3–20	
















fluids	 to	 a	 liquid	 phase.	 This	 way,	 they	 become	 more	 accessible	 for	 further	 biological	
wastewater	 treatment	 and	 sludge	 processing	 [8].	 Implementation	 of	 sludge	 disintegration	
ahead	of	anaerobic	digesters	 (WKF)	results	 in	a	higher	biogas	yield,	and	a	higher	 loss	of	
organic	matter	in	the	digested	sludge	are	observed,	in	comparison	with	conventional	systems.











































Co-fermentation,	 which	 combines	 at	 least	 two	 types	 of	 organic	 matter	 in	 anaerobic	
digestion,	is	another	method	used	to	intensify	a	biogas	production	from	sewage	sludge.	As	
a	 result,	 a	 higher	 gas	 yield	 or	 a	 higher	 efficiency	 of	 a	 digestion	 process	 is	 observed	 [5].	
Recently,	a	wide	range	of	plant	biomass	has	been	used	as	a	popular	co-substrate	in	order	to	
intensify	a	fermentation	process.
3. Co-digestion of sewage sludge and algae biomass








of	 the	algal	biomass,	amounts	 to	approx.	75–90%	of	 their	wet	weight.	Algae	contain	also	
a	significant	amount	of	mineral	salts	and	carbohydrates	(30–50%),	which	make	up	the	bulk	
of	their	dry	matter	(approx.	60%);	proteins	represent	approx.	7–15%	of	algae	dry	matter	[18].	
T a b l e 	 5
Methane volumes produced during anaerobic digestion of different substrates  
(30 days of mesophilic digestion) [21, 25] 










Another	 important	 feature	 of	 these	 organisms	 is	 their	 ability	 to	 acquire	 nutrients.	
Therefore,	 algae	 can	 be	 grown	 on	 wastewater,	 and	 this	 way,	 two	 beneficial	 effects	 are	













enhance	 the	process	 efficiency	and	 increase	 the	volume	of	biogas	produced	 from	sewage	
sludge	[31].
The	carbon	 to	nitrogen	 ratio	 (C	N)	 is	 an	 important	 indicator	of	 a	methane	digestion,	




On	 the	 other	 hand,	 the	 high	 level	 of	 ammonium	 ions	 during	 the	 digestion	 process	 leads	
to	 a	pH	 increase,	which	becomes	 toxic	 for	 the	bacteria	 carrying	on	 the	digestion	process	




Ta b l e 	 6
















Spirulina maxima 4.2 35 0.31 20
Nondefined	mixed	culture	
dominated	by	Chlorella











Scendesmus	spp.	and	Chlorella	spp. 6.7 35 0.10–0.14 10
Non-axenic	culture	of	
Scendesmusobliquus
– 33 0.21 30
Non-axenic	culture	of	
Phaeodactylumtricomutum
– 33 0.35 30
Non-axenic	culture	of	
Scendesmusobliquus




– 33 0.27 22
54 0.29
Chlorella vulgaris 6 35 0.24 28
Chlorella vulgaris 6 35 0.147 16
Arthrospira platensis – 38 0.293 32
Chlamydomonasreinhardtii – 38 0.387 32
Chlorella kessleri – 38 0.218 32
Dunaliellasalina – 38 0.323 32
Euglena gracilis – 38 0.325 32
Scendesmusobliquus – 38 0.178 32
Microcystis	sp.	from	Taihu	lake 6 35 0.201 30
Microcystis	sp.	from	Taihu	lake – 35 0.14 30
Unknown	species – 30 929–1294	ml	of	
biogas
28
Chlorella vulgaris – 37 0.286 49





algae	 digestion	 [43].	 Several	 studies	 have	 been	 carried	 out	 on	 this	 combined	 biomass.	
Golueke	 and	Oswald	 in	 their	 paper	 [16]	 showed	 that	 the	 biodegradation	 rate	 for	 algae	
biomass	was	up	to	60–70%	lower	than	for	sludge.	They	also	pointed	out	at	some	of	the	
process	constraints	due	to	high	pH,	ammonia	toxicity	or	algal	cells	resistance.	Therefore,	






0.2	m3	 ·	 kg–1,	while	 fermentation	 of	 kelp	 by	Chynoweth	 [7]	 produced	 0.39–0.41	m3	 of	
methane	per	kg.	Microalgae	also	have	a	high	potential.	Singh	and	Gu	 [36]	showed	 that	
the	biogas	produced	from	microalgae	contains	55–75%	of	methane,	so	it	is	more	caloric	


















sludge	 percentage	 ratio	 of	 75/25,	 50/50	 and	 25/75.The	 results	 show	 (Table	 7)	 that,	 after	











Ta b l e 	 7






100% 0 266.7 180.0
75% 25% 225.1 155.3
50% 50% 208.5 135.2
25% 75% 157.8 115.0
0 100% 80 136.1
T a b l e 	 8
Biogas and methane volumes produced during methane digestion of Micractinium  








Chlorella +	sewage	sludge 431 253
Micractinium +	sewage	sludge 418 236
Sewage	sludge 391 243
Olsson	et	al.	 [33],	 in	 their	studies,	also	confirmed	the	ability	of	algae	to	 improve	
the	efficiency	of	a	sludge	methane	digestion	in	mesophilic	conditions.	However,	they	also	
proved	that	the	presence	of	algae	in	thermophilic	conditions	has	an	adverse	effect	on	biogas	
production.	The	 same	conclusions	were	 reported	by	Caporgno	et	 al.	 [4]	 in	 the	 studies	on	






























of	 an	anaerobic	 sludge	digestion,	 apart	 from	sludge	disintegration.	The	analysis	of	 the	
literature	data	suggests	that	the	use	of	algae	as	a	co-substrate	in	a	sewage	sludge	digestion	
increases	 a	biogas	yield	 and	 then	 improves	 the	 efficiency	of	 an	 anaerobic	digestion	 in	
mesophilic	conditions.
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